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“SUMMARY 


Module ‘No: Module Title: " eee ae ne 
Calcium Analysis ig} Ye te 
| Submodule Titles ou OG 4 v es 
; eae a . “ae F é ate” a ot Pus Pag ‘ 
Approx. Time:. {* ee oes e é ¥ yo 
2 hours Si ann ama PEG At ie a am aa 
| Topic: bo acy ge ee ON “\ Joe 
’ Be ‘ a «. ' e ig 
é Summary . ; a > + 


Instructional Objective: . 
Upon completion of this nodule the partictpant should be able to: 


1. Determine the concentration of éalotun ‘in a water 
sample by the EDTA titrimetric aaui 23 “a - 


2. List possible interfering ions which may affect the 
results of the determination. 


t | ‘ \ 


Instructional Aids: , 8 a? 
Transparencies Cal-Ca3 


Softening videotape 


Instructional Approach: ‘ ; 
Lecture, discussion, lab practice, videotape viewing. 


References: 


1. "Standard Methods for the Examination of Wat r and Wastewater," | 
1ith Edition pp. 185, 196, 189-191. | 


Class Assignments: 


we [as eee ee AS i _ page 4.0f 17. 
' Module No: gute, nitie: ee we 
“Calcium m Analysis cf 


cielo Title: . 
Approx. Time: — « ‘ ; 
om . | e 

: | 8.25 hours Topics st o> 
oe ; " - “\ Chemistry of Calcium in Water 


I stiuctional Objective: 


, ‘ 
. ‘ 
>» 
% t 


Upon cbupletién of this mod Le the participant should be able ine * j 
+ 1. Describe sources. of alcium in water. eientlen: s 


2. Write a chemical reac ton between calcium and EDTA. f 
J 3. Describe how Mg can be  yenoved from a water sample 80 
that it will not interfer, with the calcium ‘anal yeas: 


Anstructional ‘Alds: 


Instructional Approach: 
Lecture/discussion 


“References: | ; a \ 
sandard i al p. ae 186, 189. 


Class Aseignments: 


3 . a a Fe : . ee < \. car ‘ a . +e, a? . 
eo - . ; e “Pe et ¥ —— mi ae i, 
‘Module No: Topic: ie 2 A - 
TP Pea ee el "Chemistry ‘of: catedun in wat er’. be ee Fs 
Instructor Notes: *  - Instructor ‘Outlines, © + a : ¥ 


a | ee oe . ‘ 1. a a metal, exists i te water and 
a te oF ‘ ‘in compounds’as.the Ca*+ ion. It is a 
iets Lo) es . -major contributor to water hardness... 
| i Hi, Co wo ‘ |. ‘, Prom’ water’ pepnnae: specu Ca ‘containing 
ss << ae a Sninerale: gen 
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fi : ge : e &. -lime ‘stone cht, 
‘ —_ b. dolomite caco Me se 
,, d-gypsiferous- ‘shate. ae: 
mensparency Ca-l - >. | 2. ca2++.(EDTA) 4- > (ca (EDTA) ) 2~ 
Ca-EDTA reaction - per se a . a Mei es tas. 
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‘ Magnesium ‘is diegeis. — ion precipi; 
tation as fala te at high pH. 
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a “Module Pitier tad ee 
ae Calcium ‘tnatysis Pl 
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cauasadie Titis: 
Approx. Time: 


' 0.25 hours 
? ’ opie: 
* Principles of caletum ‘Determination 
eae Oe ge ne ai a Se NS Ne or Ee, Ne 
. | a \ : 
Instructional Objective: 
Upon. completion. of this module the participant should be able to: | 


l. Describe the EDTA - calcium analysis briefly. Z 


e / s 
2. Explain how the calcium analysis is similar to and 
different from the determination of total hardness. 


td 


ly 


Instructional Aids: 
: Softening. videotape. 


Instructional Approach: 


Videotape viewing/discussion. 


References: 


Standard Methods, p. 189-191, 200-206. | 


Class Assignments: 


L 


Ta ee fF 8 8 page 7.0£°17) | 


‘ Topie: | : 


[t Principles of Ca Determination 


+, | Softendrig video tape 1. Show first half of video tape. | 
A ws “a ‘ 5? “sk | 
. . 2. Answer any questions concerning] the 
bar video tape. , 
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Module No: . Module Title: 
Calctum Analysis. 


Submodule Title: 
Approx. Time: a 3 et 


. a —E 2 = « ; r " ‘ 
Topic: 
Safety 


sab / "0,25 hours 


. Instructfonal Objective: 


ry e 


’ Upon completion of this module the participant should be able to: 


, I: Locate the following in the laboratory and demonstrate 
proper use: emergency shower, fire extinguishers eye 
wash, first sas cai 


2. Select and ‘use: safety dankes: lab copts or anon and 
gloves in the appropriate : situation. . 


3. Describe any hazards associated with. he caletun: ' : 
determination. : 


Instructional Aids: 
Handout of safety rules for the iaboretory. 


Instructional Approach a 


Lecture, demonstration. 


References: ‘ 


Basic laboratory skills module 


* 


Class Assignments: 
Read Safety rules. | ; a 


Module No: 
- Ca 


“Instructor Notes: a etch, Instructor Out ine: 


\{ Topic: 
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\ F Safety 
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how. the loca ein of the various pieces 


of. aaa 5 pment. 
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Sai ase er be worn when 
at inehinn ee and sole © eects 


‘The Suetuaive nature of NaOH should be: 


pointed ‘out. 
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Module No: Module Title: 
| / _ Calcium ‘Analysis 


= Wy ie 8) ‘ . 


Submodule Title: 


Topic: 
Preparation of Reagents 


Approx. Time: 


3 


_ 0.5 hours 


Instructional Objective: ‘ eae 2 
Upon. completion of this module the participant should be able to: 
SG Prepare the following reagents for the determination: 


1 NaOH, Murexide SNGLSE Le or Eriochrom BNUe Black R 
indicator. 


2. Calculate the concentration in 24gCa/ ml equivalent of the : 
standard EDTA solution standardized in units of M or mg : 
| CaC03/1 equivalent. ws de 


‘ 
4 


’ Instructional Aids: 


Transparency Ca2 «= calculation of equivalent saneenieal team: 


HS \ 
Instructional Approach: ; | 
Laboratory practice | 


References: 
Standard Methods, pp. 189, 190. 


Class Assignments: 


‘ __page 1l of 
Module “No: ‘| Topic: ot 5 


Ca. , Preparation of REagents 
Instructor Notes: | Instructor Outline: 


l.a. 1N NaOH: 40g/liter 1. Reagents may be prepared in Pana or be - 
prepared pefererhand. 
b, 0.2g indicator 


Rts , ‘ ground with 100g -aé 1 N NaOH \ 
‘ NaCl ; ' b. murexide indicator 
ce 0.246 indicator g or : ff 
ground with is ; - oe : 
NaCl c. . Eriochrom Blue’ Black R 
am : 
Transparency Ca-2 a @ Calculation: 
calculations 


$ mg (Ca) /2 Scnelineetid X (HMg/1) 


mg (Ca) /1 1 equivaientrcacos equivalent 


\.04 x “M(EDTA) 


om \ 


Module Title: 
s Gates imalysis 


Approx. Time 


0.5 hours 
- Topic: e . ‘ ‘ P ? 
“eration, of sample 


“Instrietional Objective: ‘ 
Upon completion of this module thd partictpant should ‘be: abie, tos -» 


1. Properly, prepare a water eampae for tit#ation. 


2 ee Bropérly titrate. the prepared sample to ‘the end- “Point <. -4 
“and. xecore obs. ‘appropriate dates ; e 


( ‘4 ;: : ; % ste sf 


’ 


Instructional Approach: 
Laboratory practice ie ‘ : . 


References: | 
Standard Methods p.190. 
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Topic: 
‘Titration ee 


‘Instructor Outline; =, a 
é : ; . eo 8M 
_ « | 1. .. Prepare sample be 


Ping. Pgh ee Yee | a+, 50 ml sample plus "50 ml H 2° 
oom b. Add 2.0 ml NaOH 


; - > of _. Ge Check pe 
bo ws 2:- Titration: - 4 aps : : - 
' . a. titrate rapidly ge ¢ 
4 5 b. Color changes | 
aes i. Murexide pink-purple 
| a * ° ii. “Eriochrome Blue-Black R red- 
ae , blue , 
\ 
4 X 
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_ Module ‘Title: _ . 
sane Anelyeis nae 


Submodule. Title: 
‘Approx. Time: . 
i“ ua 


0.25 hoyrs. 


* 


Topic: a 4 
Calcylation and Interpretation of ‘results 


. 


Instructional objectives: te a: a 
_ Upon completion of this module the sandl taunt should be able to: . 


ae Calculate the concentration in ‘a water sample as | mg/ a 
1 Ca or as mg/l Caco; (calcium hardness) « 


2. List several possible sdurcés ‘gf Anterference’ whieh 
may affect the result.” < . m 
at. & “ . ' a 


an , 


% . 
- 7 : ; ‘ 
. oo 7 ‘ ; - oe, 


Instructional Aids: = 7 ah om. 


Instructional Approach: | e  aes 3 eet eer ee 
Lecture/discussion L 4 qd | ; . oe a 
1 . oi £ i a ; oe < 2 
F . “ 7 : - F ' ‘ > . d - 2 - 2 
References: he OR ‘A baa ) . 
‘Standard Methods pp. 189,190. °°. °F 
. ‘ (ee mere eee ———__-—— - - - oa 
Class Assignments: , | 
; { | . : oil | 
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Module No: 


ae - . | és 2 a ee bs oe page 15 of 17 . - , i? 
‘ fopic: Ps Ff ne “og 
ca . ome 
Instructor Outline: — . nde 
Ss. oye : . a 

1. Calculation: Boy A ike a. 

' ng/1 (ca) emi (EDTA) | 

. . ac ar x ng/1 equivalent Ca 


Wormran \ 


ir ‘ng/1 (Caco, 3)"mL Ean A) mh 
. e X mg/l enivaiene” 
ges mas 


‘ . 


we 


Transparency Ca-3 


ae Interferences: ' 
Interferences e i 


¢# ae vate precipitation correct ba 
be 3 organics - digestion co ; 


/ oa high alkalinity - neutralize with. a 
HCl, por: me: 
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, Exam Questions ; a = i. ‘ * 
Calcium analysis “ # . ee reraae as | | 
. SHemIREEY of Calcium im water eae . 


i Which. of the following mineral does not ‘contribute to dissolved 
calcium in water? ; os 
a.. limestone _ , Y Sas . dS ge My 


~ 


b. gypsum 4 $4 44s 
| ‘c.. dolomite : ag 
| d. auarte * ; 
| i Ze ‘molecule (s)° of EDTA ‘react (s) with one calcium ion “’ 
| i _ to form one, “complex ion. ‘ 
> 3. Magnesium gin be removed as an ducactacanie’ in ene calcium antec 
Fr mination b . is 
> a. adding cyanide ion : “ 2 Ge ‘ 
~ Bb. lowering the pH oo i : ; aa.” <Repae 
6. raising the pH to 12 } : 
d. - chlorination  .+- 4 ) ci \ 
a 
(Principles of Calcium Determination ’ 
’ fe 4. | Does ‘calcium combine with EDTA before or scat magnesium? ae 
' ae ‘ _5. » The titrimetric determination of ‘salotum and the titrimetric -_ uot * 
: determination of hardness are.essentially the same except: 
a., a different indicator is used — ® 
Ay . b© a different titrant is used | h 
ee at _G. , a spectrophotometer is used in one case and not the other 
bs la d. one’ requires very eae equipment = 
<n ata ; f 
6. Where can one go in the Neharekon to fina a band aid if one's 
finger is cut.by glass tubing? - ‘ 
on fst as What can be worn to prevent acid holes in a a new shirt worn to 
© the. laboratory? ee F 
8. Which of the following reagents a in the exivion determination 


a : would you consider most: hazardous? 
a. EDTA titrant 
b. Sodium hydroxide solution 
c. Indicator mixture 


* 


ee ‘Preparation of Reagents 


\ 
, a 9. . How many grams of NaOH” are requitea to prepare a one'liter . 
’ to “golution which is is 0. N? . 
: a * i ‘ a. 500’g : i : 2 
wok “be. 0.01 9g ; ; "Sh ees: a 
wr... | f .c 40g. “ ; A oS. , 
om s g 7 * : . Z * - ” 
10. ' x solution of EDTA is endavaient; 4 ‘mg ‘Caco; per ml. ‘Wht | is Sa 
‘ its calcium equivalence in mi rams per m1? 


. 
: ‘ F . Mae . _ 16. as 
- 7 > 4 
i % 


Titration of Sample. ) 


: 11. 


12. 


Ny Calculation and Interpretation: of Santen. 


“13. : 
14. 
a 
q 
4q a : ° 


a. add 50 ml EDTA solution. 
‘' b. add 2.0 ml sodium hydroxide solution i 
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Prior to titration, which of the Sollowiag should be done to —s_, 
the sample? 


c. add 5.0,ml Caco 
d. ‘extract ane soldtion with chloroform 4 


The Eriochrome Blue-Black R indicato chang 8 from red to - 
at end BOENE: a |: 


It iabag 25' ml of{ an EDTA fo1ticn in which ‘the mg/l Ca 
equivalent is 400.8'to titrate a’ 50 ml wate: ee 
is the concentration in mg/l Ca. of this sam le? ; 


How can organic interferences - to the calcium determination, F 


‘be over come? 


calcipm carbonate \ 


= te 
“poauin hydroxide pellets, NaOH. 


ig 
Se volumetric. flask — 


2000 ml beaker: a 


ayes) e “water se = date 


. 1000, ml — Syiihaee . 


1X polyethy 


ne bottle . 
a eriochrom sik saae R indicator. 


sodium oy pats Sr re 2 
mortar and festle . : : 


100 ml wide mouth BSEDrE: bottle. 


disodium ethyleriediaminetetraacetate F 


analytteal balance 


500 ml erlynmeyer flask 
funnel : rs 


hydrochloric acid, concentrated 


bunsen burner: — e 


.\ ring stand and ring 
\methyl red indicator - a: Sgt 


concentrated ammonium hydroxide 


“ 2 = 50 ml buret 


‘5 -°125 ml erlynneyer flask 
25 = ml pipet | 
4 


*. 


at 
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Calcium Analysis 
_ Laboratory epoca a 


a "Preparation of Wgavaate and Standards 
‘A. Obtain the equipMent, supplies, and chemicals listed in the 
. _- "equipment" handout. 4's a2 ices bd ey 
.. B. Prepare the following solutions . 

‘ 1. 4. N NaOH Sodium Hydroxide: <Add do g sodium hvavecede 
pellets to a 11 volum ¢ flask. Boil 1500 ml distilled 
water for five minutes; allgw to cool covered. Add 750 ml 
of the cooled water to gle flask, Mix to dissolve the NaOH, 
allow to cool. Dilute to the mark with distilled nie Mix. 
_| Transfer to a labeled polyethylen bottle.. ae 

2. Indicator.” Add 0.2°g Eriochromé¢ Blue Black’ R indicator 
and 100 g sodium chloride (NaCl) to a mortar. Mix and Re 
grind with a pestle. Transfer to a stoppered,: labeled ‘bottle. 

3. EDI®A.titrant. .. Weigh 3.723 g disodium ethylenediaminetetra- 

'' acetate dihydrate (Na,H2C of 2O,N 2-2H30) or (Na,EDTA) . 
on an analytical balance an P brane er Sasa ll volumetric ° 
flask. Add 500 ml distilled water, swirl to dissolve, Dilute 
to the mark with distilled water. Mix and transfer to a labeled 
polyethylene bottle. ; a ‘ ; 

Cc. Piepare the following standard solution: : 

; Weigh 1, 000g anhydrous, primary standard grade calcium 

nas carbonate (CacO, ) on an.analytical balance and record the 
exact mass. Quantitatively transfer the CaCO, to a 500 ml 
erlynmeyer flask. Place a funnel on the neck of the flask and 

_ add 6M hydrochloric acid,,HC1 (prepared by mixing equal parts 

concentrated HC] and distilled water) a little at a time until 

bubbling has ceased and all the CaCO, has dissolved. Add 

200 ml distilled water. and boil with a bunsen burner for five 

minutes. Cool. Add 2 drops methyl red indicator. 1 Mix. If, 

the solution is yellow, add 6M HC] dropwise until orange. 

, , ° If the solution is ‘red, add 3M NH, (ammonia). [prepare by 

dissolving 200 ml concentrated ‘ammonia in distilled water to 

6 make a 1 liter solution] dropwise until orange. Transfert the 

solution to a 1 liter volumetric flask. Dilute to the mark with . 
distilled water. The concentration of the solutibn in mg /ml 
CaCO, is numerically equal to the mass in gram CaCO; added. 


~ > 


iL Titration © 


“ ay 


ie) . . 


Th | concentration of Ca ii amg fl is 0.4008 times the by 
cor entration of ee ‘ 


ky, 


|» 


> 


Titration ‘of standard ae a 
Fill a 50 ml buret with EDTA solution, Fill another buret 
with standard Ca solution. Record the initial readings of 
each buret. Add 25 ml Ca solution to a 125 ml elyhmeyer | 

. flask. Add 25 ml distilled water. Add 2.0 ml NaOH .. 
solution... Stir to mix. « Add 0. 2g of indicator. Add EDTA - 
titrant slowly with swirling in white light until the solution 
turns from red to blue (end-point), Record the final values 
of both burets: Repeat the fit ration twice. Record results 
on data sheet. Volume of each solution used is equal to the 
difference between final and initial buret readings... The. + 
CaCO 3 equivalence of the EDTA solution is equal*to the grams 
CaCO, weighed times and CaCO, solution used divided by 
ml EDTA solution. Average the three values, call this value 
B. ‘ 


® 


B. Sample titration 
Pipet three 25 ml Jeliaiek Penye aliquots into three 125 
ml erlynmeyer flasks. Addqiand mix 25 ml distilled water. 
Add 2.0 ml NaOH and 0. 2g indicator. Titrate in triplicate 
s with EDTA solution as in "A" ‘above. Record initial and final 
buret readings. s*~ : 
I, Calculation and Evaluation of Results. , a 


‘ of sample. 


The volume of solution used in each case will be equal to the « 

final minus the initial buret reading. The average volume from 

the three titrations will be the volume used in éalculation, Call 

this value "A", The calcium hardness (as mgl 1 Caco) is ® 

calculated Arana the following formula; : 
‘\ 


Li = 


C= Calcium hardness (as es = - -AxBx1000 


.: t 


” The te concentration is C times 0.4008, . ‘ 


Comment on possible errors, distinctnéss of sca da and source 


* 7 & 


Preparation of standard Caco; 


(d) mass of CaCO; - 


* 
4 
4 
4 ‘ heat : 3 : : ~ * € | ora 
;. . i 
} 
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Calcium Analysis ‘_ 


‘Data Sheet — | Sample number , 


° 


mass of container plus CaCO3 « ne : 
- mass of container - of 1g 


“concentration CaCO, sintidard 


Standardization of EDTA solution a H . , . . 
final caburet.) |S + fens al ml 
initial caburet. - - * 0. © - ml -_- ml 
ml Caused: 4 fae, __ mi “mi 
final EDTA \buret: ~ * mb _ mil 
initial EDTA buret -__ml -_-. ml 
ml EDTA used. ; 


EDTA gi i '(CaCO,)= aes mg/ml mg/ml 
; oeeeie 


B. average EDTA equivalence Scie caco, 
: a = (I+ + I) , 
zt 3 ; : 
~ Sample titration . e 
final EDTA buret a _ml 
‘initial EDTA buret : - ml - mi 
ml EDTA used - Ses Bs “ml 


A = Average EDTA volume. _ ml = (1+ 0 + I) 


* Ce= calcium hardness (as CaCO) = mg/l ag 
C = A xB x 1000 °F 
25 


Calcium concentration = C x 0.4008 = mg/l 
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